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1. INTRODUCTION

The spatial profile of a light beam altered by transmission through atmospheric turbulence can be
restored by compensation. Atmospheric compensation techniques rely on knowledge of the altered beam
intenitty nrnfil.e The Lnw-Power Atrnosnheric Comnensation Experiment (LACE) satellite was
developed for proof-of-concept tests for atmospheric compensation of ground-based lasers. The objective
of LACE is to measure, in real time, the absolute intensity and spatial distribution of low-energy,
atmospherically nondamaging ultraviolet, visible, and infrared radiation transmitted from ground sites to
the satellite. An array of 335 sensors is on the face of the satellite that is used to measure the intensity
profile of the laser radiation incident on the satellite in orbit. This array comprises 85 sensor pairs for
pulsed ultraviolet-visible near-infrared signals, 85 sensors for acousto optically modulated visible near-
infrared signals, and 40 sensor pairs for mechanically chopped infrared signals. Figure 1 schematically
shows the sensor array.

Prior to launch, two functional tests were required for sensor and electronics performance
verification: sensor integration in a model spacecraft (integration test) and operational evaluation in the
completed spacecraft under vacuum and thermal cycling (vacuum test). Because of the large number of
sensors and the short satellite operating times imposed by cooling requirements, it was imperative that
irradiation of each sensor occur rapidly and automatically. To conduct these tests, a laser test set (LATS)
was developed. The principal function of the test system was to irradiate the sensor array subsystem
(SAS) with laser radiation replicating that to be employed in the LACE experiments. This provided
information to the LACE ground computer on laser nower levels at the individual sensors to verify
wavelength response and dynamic range of the SAS. LATS was not designed to quantitatively calibrate
sensor parameters but to qualitatively verify sensor performance. Both individual sensor tests (small
cross-section beams scanned over the face of the satellite) and multisensor flood tests of the entire satellite
face were required for validation. Repeated irradiation of each individual sensor required a precise and
reproducible pointing scheme. Flood tests of the entire sensor array required a removable lens/mirror
combination to produce an expanded beam. The LATS was used in the integration test, and then it was
modified for use in the vacuum tests.

2. LATS

Figure 2 is a schematic drawing of the LATS configuration. The elements of LATS included a set
of lasers, a transfer mirror, a goniometer-mounted steering mirror and stepping-motor controller, a power
meter, a computer, and a network of bidirectional data buses. The laser beam was expanded and
collimated to a 2-in. diameter to provide a uniform beam profile. To provide an intensity reference, a
beamsplitter reflected a portion of the light onto a power meter. The computer recorded the reference
power by using an analog-to-digital (AT)) converter. The transmitted portion of the laser beam was
reflected from a transfer mirror (TM) located in front of the plane of the Sensnr panel onto the
goniometer-mounted steering mirror (SM). The computer then aimed the steering mirror to direct the
laser beam onto the specified target sensor.

Manuscript approved September 5, 1991.
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Fig. I - Schematic drawing of LACE sensor array
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Fig. 1 (Continued) - Schematic drawing of LACE sensor array
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Fig. 2 - Schematic drawing of LATS configuration used for the integration tests
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Generation of the required radiation was accomplished with five lasers: 25 Hz excimer and 10 Hz
Nd:YAG lasers were the pulsed-radiation sources; 25 kHz acousto-optically modulated argon ion,
1440 Hz mechanically chopped helium neon (HeNe), and 1440 Hz mechanically chopped deuterium
fluoride (DF) lasers were the continuous-wave sources. The LACE test plan [1] describes the radiation
specifications and Tables 1 and 2 summarize them.

Table I - Laser Characteristics

Laser Wavelength Bean Diameter Maximum | PRF Pulse LengthJ (jrm) (mm) J Power (Hz) j (ns)

Excimer 0.308 22 90 m1 25 19

ArO 0.5145 3 250 mW 25k -

Nd:YAG 0,355 8 250 mJn 10 10

Nd:YAG 1.064 8 1 | 10 tO

DF 3.64.2 5 1 W 1440

HeNe 3.39 5 5mW 1440 M __- ___ --

Table 2 - LATS Integration Requirements

Laser j Wavelength (jtrn) { Power Density (W/cm2)
Maximum Minimum

Excimer 0.308 J04 102

DF 3.64.2 10-4 5 X 10-6

Ar+ 0.5145 10- 4 l0-
Nd:YAG 0.355 104 ID' 1

Nd:YAG 1.064 03 10I

The goniometer was a Klinger BG 120 YZ rotary cradle mounted on an RT 120 XZ rotary stage with
a Klinger CC-1 programmable indexer and a step resolution of 0.010. Both the stage and cradle had an
incremental encoder for precise closed-loop positioning and speed control. These two rotary stages are
combined to produce independently controlled motion in azimuth and elevation. The goniometer mirror
was in a two-axis gimble mount positioned with the mirror center at the intersection of the goniometric
axes. Two independent stepper-motor channels controlled the motion of the two orthogonal axes and
allowed for manual as well as programmed positioning. The stepper-motor controller is able to establish
a home reference position, make absolute movements relative to that position, or move incrementally
relative to a given position.

For LATS, timing control was provided by an electronic circuit rather than the specified LACE
trigger laser. Sync-out pulses from the pulsed lasers and motor-driven choppers provided reference
signals to trigger sensor panel data collection. The timing circuit could function at any of the necessary
detection frequencies. No timing circuit was necessary for the acousto-optically chopped laser because
of the short modulation times; a data pulse was always present in the detection window.

4
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The LATS computer was an IBM PC-AT interfaced with two IEEE-488 buses. IBM general purpose
interface bus (GPIB) adapters were installed in the PC for each required interface. Through the GPIB,
fhe comn.nn n-taA ,tIh 0 ndn4,aetar v'nnr.Ior, +te A M ,nnrtar A +ha I ACV r

sensor array subsystem test unit (SASTU) as Fig. 3 schematically shows. Two independent
communication buses were used in the PC to avoid conflicts in the working environments and to reduce
processing time. The first bus served as a data link between the LATS PC and the SASTU. The second
bus linked the PC to the stepping-motor controller and the Hewlett-Packard 59313A A/D converter. The
SASTU served as system controller-in-charge (CIC) on the first bus. The IBM PC-AT LATS computer
was controller on the second bus and operated the two independent axes of the goniometer and the A/D
converter as three independent devices. Table 3 summarizes the contents of the configuration files
(IBCONF) for the devices used with the GPIB bus. Reference 2 provides a description of GPIB control.
Appendix A lists the required subroutine sequence for goniometer movement, data acquisition, and data
transfer.

Fig. 3 -Schematic drawing of LATS system. The laser beam is shown in bold.

Table 3 - GPIB Configuration Parameters for LATS

Device Address Time Out EOS* Byte CIC EOIt j Access

GPIBO 00H 3 01l YES YES

GPIBI 01H none OAH NO YES

XAXIS 06H 3 01H YES GPIBO

YAXIS 07H 3 01H YES GPIBO

ADC 08H 10 01H YES GPIBO

MVAX j 3 OAH YES GPIBI

*End of string
tSend EOI (end of data message) with EOS
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Programmed control consisted of an ASCII-coded set of high-level instruction commands written to
the goniometer controller from the LATS computer over the interface bus. These ASCII strings
controlled goniometer device velocity, acceleration, displacement, directionality, scanning interval, and
read/write information to the devices. The CC-1 stepper-motor controller manual gives a full description
of the programmed and manual operation of the stepper-motor controller.

3. POINTING

Initially, it was thought that accurate pointing could be achieved by evaluating the simple planar
trigonometric relations governing a point source incident on a flat target. The computation of the tangent
of the enclosed angle, the ratio of the vertical and horizontal distances of the sensor from the origin, and
the distance from the steering mirror to the target panel yielded azimuth and elevation angles
corresponding to the pointing vector for a given sensor location. A scaled-down laboratory demonstration
revealed the large inaccuracies of this simple approach.

The task of pointing a beam steered by an azimuth-elevation device onto a planar surface at a close
distance is to map a spherical surface onto an intersecting plane. Since the sensors on the test panel were
arranged in a flat plane indexed by Cartesian coordinates and the motion of the incident light swept out
spherical contours, a tangential geometric distortion was introduced, and it was necessary for an
appropriate mapping to be derived.

Figure 4 shows the laboratory coordinate system used to characterize the mapping of a spherical
surface onto a planar surface. The origin is at the center of the steering mirnor, coincident with the
goniometer origin; angles are measured in the right-handed sense and the z-direction toward the target
is negative.

+y +f

+2

Fig. 4 - Laboratory coordinate system use for LATS

For notation purposes, the generalized vector r is defined in terms of the unit vector v as

v;= + + y * Va = vv (1)

v- XV = APx, MY?, i, ()

where (v1, vy, vz)T is the notation for the transpose of the column vector for matrix manipulations. The
magnitude of the vector v is given by

v(v g 2 2' (3)
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In general, as Fig. 5 shows, a reflection of a mirror is described with three vectors. s is the vector from
the steering mirror to the source, r is the vector from the steering mirror to the target, and, n is the
mirror normal vector that is the coplanar bisector of the angle formed by s and 7 shown in Fig. 5.

Unit vector toward target

y Target

-y Derived unit normal

S Source

Unit vector toward source

Fig. 5 - Schematic representation of the
vectors for LATS pointing algorithm

Two steps are required to determine the transformation to map from the goniometric system to a
planar surface. The first step is to find where the mirror normal A should be located to reflect light off
the goniometer mirror from the source at 3 to a target at P, and the second step is to find the angles (4,
5) that. wil position the gonionmeter steering mirror normal at this A.

The accuracy of the pointing algorithms depends on the accuracy with which the experiment
components are located and oriented in the laboratory system. For the goniometer, this is implicit and
fixed. By design its coordinates define the laboratory system, and other LATS components must by
calibrated with respect to it.

Ideally, the target face is perfectly flat, is perpendicular to the laboratory negative z-axis, and has
x- and y-axes parallel to the laboratory axes defined by the goniometer. The target face flatness is least
amenable to calibration. in the LATS, the target face is the sensor panel of a precisely machined satellite
that is large and massive but not under unreasonable strain. The width of the beam relative to the size
of the irradiated sensor area made target flatness a negligible correction.

PMerndncinnl aritu nf the target far-e ndA t-h narrnti lk rI ahnrotnr,, --;. 6 is-A is nrtadequatenaccurac.tJ -EV*b-LL W-tS LAI IIL'
5

t* % *"UtflJLJY lUaI1 GVIALLYL4J LV. au'L9ujatLV MA'ulakLy

through mechanical placement of the two systems. This also ensures collinearity of the target and
goniometer origins. However, it is also a simple matter to redefine the target face coordinate system to
lie on the laboratory z-axis. Then the new target sensor positions are computed from the new target
origin offset.

Finally, the target face x- and y-axes must be parallel to the laboratory axes and not rotated by angle
a about the z axis. Two approaches are used to correct this error: position the target and the goniometer
so that the axes are parallel, or measure and correct for a relative displacement by rotating the desired
target face (x7> yT) coordinates through -ax into the laboratory frame coordinates (XL, y,) and pointing
the beam at (xLe ye) instead of (x7, yT) for each sensor:

xL] [cos a -sin al rXTl (4)
[YL] [sin a cos a] [ YTJ

Either approach requires calibrating the source steering mirror as discussed in the LATS calibration
sucio Velow.

7
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To measure the rotational misalignment, direct the goniometer to a convenient (x, y) position in the
laboratory frame. (0, 0) is suggested to simplify the expressions. Rearranging the expression in Eq. (4)
yields the following expressions for a. At x = 0,

i XT (5)

y
where y is the measured target frame coordinate, and at y = 0,

sina o Yr (6)
X

Similarly, x is measured in the target frame coordinate system. The beam is pointed toward large
excursions along the x- and y-axes, and deviations xT and yT from the targets are measured and used to
compute a. If a nonzero a is determined, target frame coordinates are transformed to the laboratory-
parallel target frame by using Eq. (4).

Determination of the Mirror Normal

The desired normal orientation of the mirror normal vector, in terms of components along the
1naborkn.n-r-r nao is ran no.e cn nnnlor un-Cof 4 and AzauuaaUz AWa, to 51IV'I5 ca u'V Lu'V;au'ai Ujoav.~LU1 VJn GU a3

= = ["I (9 +S, + + S, + (A = (A A n)T

where

n = (n * n)= (IA)l + + + tSjt (8)

Because the source beam is reflected one or more times before impinging on the steering minror at the
goniometer origin the light source s is located in the laboratory frame at the center of the TM as Fig.
2 indicates. The vector r is defined similarly as the sensor target position in the laboratory frame, with
the origin of the vector r at the center of the steering mirror and the target at the center of the sensor.
By measuring the source and target vectors, the terms s, X, r, and P are easily computed from Eqs. (2)
and (3), and the mirror normal is then determined from Eqs. (7) and (8).

This approach accounts for arbitrary misalignments in almost all angles and positions with the
exception of two: the steering mirror must be at the origin of the goniometer so that the vertex of the
reflection is at the center of rotation, and the transfer mirror is presumed to reflect the light beam directly
onto the origin. Arbitrary misalignments are accommodated as long as the angles required to reflect the
laser beam from the sensor array origin to the source can be measured accurately.

atnrmznratonn Of the Annale ton Pnt;nn the M!virror Nir.inal

Finally, the angles (4X, 5) that will position ( for the chosen target must be determined. These angles
will be dependent on where the mirror normal is when (4, 6) (0, 0). This is defined as the initial
orientation ....rnr mnIO a m, 716 m nI n afe gonlammetet at (1*0 \N0, nra 

4
e nhe Ugly 4 >ha; rehee lat con. )uAan

from the origin directly back to the source s on the transfer mirror. Again, % and (40, S) are measured
in the laboratory frame.

8
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The standard matrix representation of a rotation of a unit vector V through 6 about x is

10 o~lf. 0
k = 0 cos6 -sinb I = v cosb A 5ifl 1 .

l0 sinb cosb JI VI | ysinS + V cos I

Similarly, for a rotation thrrough A ahnuut y1,

| coso 0 sin4'] ['Ox f1xcosO + Vzcos4']

fko$)p 0 1 °1 Iv,! = II .PY (10)

[-sinO 0 cosJ 0 zJ [-.xsino + P)0coso

Note that the elevation rotation leaves x unchanged, and the azimuthal rotation leaves y unchanged, as
these are the corrP-sponding orthogonal rotation axes. The cnmbinpd rotation is given by the product
matrix,

[cost sinosinb sinocosb] f

^(fp~~~~o ~ ~ e =- 1,p^ov=I s sn I I["AI'x11

L-sin4, cos4'sino cos4'cos6] [I Ji6 -I -,AT 11j, t\ r. .L. ~t … 1 _ .L !1!t th- arxf~c witr
A 135, 0) = R1 13, 0) foL UJIS UrulUgoUidl JradLIJX, UIUS siMlliiying mu matrix transifornations requirea
to compute the mirror normal,

1 Pt] [Pxl [ %cosO + v0 sin4'sinb + vOsinakcosb 1
Af(qs;) [|] Oy (As, A, z) [|½] = I |cosb - 9zsin J| (12)

11fJ l~~PIJ l-vxsino + V cososin6 + vPzcosocosbJ

To determine what angles are required to direct the source beam onto the target, the rotation that
carries the initial mirror normal Al, = (Aflo, fiz,, ,%)T into the desired mirror normalfA = (fx , AfizT
is determined from Eq. (12):

flx = %icossO + fibysinosin5 + f 0 .zsinocosb (13)

Ay = floycoso - Aosinb (14)

Az = - flAsinO + fAcos4sin6 + 4ozcosocos6. (15)

The trigonometric functions in 4 and 6 given in Eqs. (13) and (15) complicate rearrangement into closed
expressions for the angles themselves; some trigonometric substitutions and the Pythagorean relation are
required for solution; the details are described in Appendix B,

9
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5 s= corS' [ : -cos'[J (16)

4' = cl [J AZ - os-t sin 8 + fcos5) (17)

When the goniometer is positioned at (4, 5), light from the transfer minror, positioned at (s sz, ;} and
incident on a mirror at the goniometer origin at orientation (no, noy, naz) when (4', 5) = (0, 0), is
reflected to the target position (ri, ry, r2).

The mirror normal vector required to direct the source onto the target is easily computed from the
values of the source and target normal vectors

= i = X, y, z (18)
2

and normalizing the resultant vector.

LATS Calibration

It is important to precisely determine steering mirror position and to accommodate imperfect
goniometer mirror mounting. The following procedure does not depend on the presumption of target
flatness nor on the determination and elimination of the rotational alignment error a that are both zero
at the origin. It is an iterative computation dependent on the two sets of goniometer angles (X', 5) that
reflect the source beam onto the target origin and the steering mirror in the laboratory frame.

The steering mirror is placed in the -z hemisphere, as close angularly to the target origin as possible
without eclipsing a sensor. Since the goniometer mirror is to reflect the beam at twice the normal angle
of incidence, there is an angular precision bias between targets on the source mirror side of the target
origin and targets on the opposite side of the target origin. Angular inaccuracy and imprecision are
doubled by the reflection and are proportional to the source-goniometer/target-angle magnitude.
Therefore, all angles are minimized by keeping the steering mirror angularly close to the target origin.
If the steering minor cannot be located angularly coincident with the target origin, the alternatives are
to locate it in the xz-plane eliminating y bias, or in the yz-plane eliminating x bias. Because of the
noncritical accuracy requirements of the present experiment, the steering mirror was placed approximately
8° from the target origin.

Two simple measurements on the LATS are sufficient to permit an iterative computation of the
mirror normal that reflects a source beam onto the target origin at (0, 0, -z). These two measurements
are the goniometer angles required to reflect the source beam onto the target origin, and the angles
required to reflect the source beam back onto itself. Despite inaccuracies in initial estimates of both the
source position and the at-rest goniometer mirror normal 4, the prescribed measurements contain
sufficient information about the angle to converge numerically to a self-consistent and correct value of
both position vectors simultaneously.

10
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It is convenient but not important that (4, 5) be nearly zero. The goniometer used in the LATS
supported a logical definition of (4', 5) = (0, 0) that was used. This constitutes the initial orientation of
the goniometer mirror normal. The estimated position of the source (x, y, z) is measured in the

laboratory frame. The vector is normalized and the result designated So where the subscript denotes an

initial approximation to the true source normal. It is precisely because of the difficulty of measuring both
of these critical parameters accurately cthat the method described is used.

The first iterative correction to the initial mirror normal vector pointing at the sensor array origin,
r = (0, 0, -1), is given as

4 (2 2 z) (so -0, soy , oz -1) (2- 2soz) (sox soy, s 1) (19)

from Eq. (7), with ioo the rotation given by Eq. (12) that reflects the source beam onto the origin. This
new 4s ;s usA i n Eqs. f 'Vi and ( IS C.% deerin A neaofo.te.uA an>{- n euIOA *rUI A. tnt' 1 2\ .,..l 1C\+nAaoMna n namxv 0 finm, thn moacuirpAr anAvloc iA.. R rpniiirpA

to reflect the initial mirror normal onto the source. These values, in turn, are used to iteratively
determine a new initial mirror normal in Eq. (19) until the solution converges.

Because of the angle-doubling effect of beam reflection, an error in the mirror normal causes twice
the error in the reflected beam. Conversely, an error in the reflected beam's measurement corresponds
to half the error in the mirror normal. Beginning the iterative procedure with the right-hand-side of Eq.

(19) supports convergence because errors in the position of S are halved before correcting with Eqs. (13)
and (15) on the next iteration. Convergence is guaranteed if the experiment is designed with the

goniometer at-rest mirror normal 4i, not the source position 5, which is angularly closer to the laboratory
target origin. Then the rotation required to reflect the mirror normal onto the target origin is smaller than

that required to reflect the mirror normal onto the source. For the nominal position 4O = to, this error
is halved, which roughly cancels the angle-doubling error introduced in Eqs. (13) and (15). Application
of Eq. (19) halves errors while application of Eqs. (13) and (15) preserves them, and the procedure
converges.

Implementation of this goniometric mapping in the laboratory demonstrated a large improvement over

the initial approach. However, the accuracy of the mapping is a function of the accuracy of the input

parameters, including presumptions of perpendicularity of the target plane and the laboratory z-axis. For
the supplied, not measured, sensor locations used here, each position was indexed by its xy distance from
the satellite origin and specified to accuracies of 1.0 cm for the infrared sensors and 0.5 cm for the

ultraviolet and visible sensors; errors larger than those specified are thought to occur for several sensor
locations in the model spacecraft used for the integration tests. These unexpectedly large inaccuracies
in sensor placement from the indexed Cartesian coordinates required the mapping to be augmented with
manual position fine tuning to establish the final goniometric pointing vector.

4. POWER COMPUTATION

Incident power computations were made by the LATS system and sent to the SASTU for comparison

with the powers collected at the sensors. The ratio of the beam power reflected by the beansplitter to
that transmitted through the optical path to the target & was known with accuracies of 10% for each
wavelength used. The computation of incident power required knowledge of laser and sensor-dependent
parameters. These parameters included any neutral density filtering in the laser beam (ND), the pulse
repetition frequency (PRF) of the laser, the pulse length (PL) of the laser, and the ratio of the areas of

11
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the sensor and the laser beam. Equations. (20) and (21) give the incident power for the chopped and
pulsed sensors, respectively:

=pI 10 Area., (20)

P ~~~~~~A.np = p . 1o-ND *PRS- PL*-1 ___ (21)
Area,,,,,

Pi, is the calibrated power reading from the analog to digital converter. To optimize the placement of
te laser beam at ea-wh sensor fullowing gonionmeric arnd manua pointing, the beam was scanned over

a 0.250 x 0.25° grid in 5 X 5 steps centered on the sensor. Average power levels are measured, and
the position yielding the highest power is retained for the final vector.

c T Brc Ar Innrnnr
0. LAUX A hi J AMX&

Three computer programs were used for the LATS tests. An initialization routine created and
formatted the five sensor-dependent position information bases for the 335 satellite sensors into five
anonearalpnanApnt lenrtinn flpc (niitpA hhih nn'nr nn1od lfrn nveur mndc1n1etA infrnraA hch nnwnr

hfl'as v~asOAdl _- W A -, m *b r" ' _ Y' -V Y 5 'W s _W ... a " -" b

and infrared low power). The infrared and ultraviolet sensors are distinct detector pairs that cover well-
defined power ranges. A setup routine calculated the goniometer pointing vectors, allowed manual vector
correction, and wrote the final vector database. Finally, a pointing routine interfaced with the SASTU
pnassed sensor identification n1umhprs nnin~tpf the 12ror beam at the nperifiedM enor, and nated nwar
data back to the SASTU. All programs were written in RM Professional Fortran [3), and the setup and
pointing routines are included in Appendix C.

Initinli7atinn Routine

The following describes the procedures in the initialization routine.

A. Prompt user for input laser identification number to distinguish among the five sensor-denendent
location files.

B. Input Cartesian coordinates of the sensor with respect to the satellite origin.

C- Write the indexed coordinates to the FensorAenendent location file.

Setup Routine

The following describes the procedures in the goniometer setup routine.

A. Prompt user for the sensor identification number and laser type.

B. Look up indexed position information from sensor location file.

C. Compute and calibrate pointing angles.

1. Compute rest mirror normal 40 from steering mirror and target vectors.
2. Compute desired normal orientation X from Eq. (7) knowing the target vector and the

source vector. The initial mirror normal is computed by using the solution A. to recompute!
that is then solved again for the mirror normal until the solutions converge.

3. Compute elevation and azimuth angles for sensor location from Eqs. (16) and (17).

12
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D. Direct the laser beam onto the specified sensor.

1. Covert angular information into step interval and form ASCII string commands.*
2. Write the command string to the goniometer.

E. Prompt user to manually correct laser beam placement on the sensor.

F. V nc across sensor face to locate lser be..n placennennt For -. -. .v. .. nca... (onin

routine).

G. Record position of maximum irradiance on position vector database.

Pointing Routine

The following describes the procedures followed in the goniometer pointing routine.

A. Read sensor identification from SASTU.

B. Obtain sensor azimuth and elevation angles from vector information database.

C. Direct laser beam on the specified sensor.

D. Record incident laser beam power.

E. kU Lop to A.

Upon completion of the automated individual sensor tests, a flood test was performed at each
wavelength. By reflecting the laser beam from the transfer mirror to the convex mirror/concave lens
assembly illustrated in Fig. 2, the beam was expanded to irradiate all sensors on the satellite
simultaneously for the multisensor flood tests. These tests, used to determine whether there is
interference between sensors, do not require precision pointing or computer control.

6. VACUUM TESTS

Figure 6 shows several modifications that were made on the LATS for the vacuum chamber tests.
A doubled Nd:YAG laser, an argon-ion laser, and an infrared quartz-halogen lamp were the three sources
used for the vacuum tests. Because of mechanical limitations, the infrared lamp was used only for flood
testing of the sensor array, and the two visible lasers were used for both multisensor flood testing and
individual sensor irradiation. Interchangeable lenses placed at the entrance port to the vacuum chamber
provided the collimated or diverging laser beam for the two types of tests, individual and flood.

Long periods of time were required to attain the vacuum in the large satellite chamber. To avoid
having to open the chamber between thermal cycles or between individual/flood tests modes to reestablish
the vacuum, a remotely controlled method of switching between multi-sensor flood testing and individual
sensor testing was devised. A convex mirror mounted to the backside of the goniometer gimble mount
allowed one hemisphere of the goniometer to reflect collimated laser light and the other hemisphere to
reflect rapidly diverging light. To switch between the two types of tests, the goniometer carousel had

*To write a string to the goniometer controller the length of the string must be specified. It is necessary for this program, as
written in RM Professional Fortran, to branch into individual subroutines to accommodate the stringsize of the goniometer
command.

13
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VACUUM CHAMBER

Fig. 6 - Schmatic duwing of LATS configuadon used for the vacuum tests

only to be rotated by 18O'. The infrared lamp was in a pressurized canister and positioned in the vacuum
chamber to provide complete irradiation of the satellite face. Except for the modifications just described
validation tests for the scanned individual sensors and multisensor tests equivalent to those outside the
chamber were performed on the spacecraft in the vacuum chamber.

7. CONCLUSIONS

The LATS system provided precise, repeatable, and automated goniometric vectoring for preflight
system integration and operational evaluation of the LACE spacecraft. The pointing vector algorithm
developed for the goniometer provided placement of a laser beam at any sensor location on the satellite,
based only on the indexed Cartesian coordinates of the sensor and the distance of the goniometer steering
minror and transfer minror trom the satellite sensor plane origin. Large errors in sensor location from
the indexed coordinates were corrected with manual vector positioning. Once pointing vectors were
established for all satellite sensor locations, automated laser testing was performed.
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Appendix A

GPif ROUUIaNES FOR LATS

GPIB Routine for LATS Goniometer Motion

C move x-axis n steps (n = two digit integer, e.g. 10)
integer'2 xaxis
characters X$

r assign unit d-scrintnr for x-axii
xaxis = ibfind ('xaxis')

C clear the device
call ibclr (xaxis)

C file 'RATE' contains goniometer velocity and acceleration values
C write file "RATE" to the x-axis

call ibwrtf (xaxis, rate)
C clear the device

call ibclr (xaxis)
C construct string containing N number of steps

X$ = 'N'//' 'f/'l0'//char(13)
C write X$ to x-axis

call ibwrt (xaxis, X$, 5)

GPIB Routine to Read the Analog to Digital Converter

C read converted measurement from HP converter
intacrr 9) urlr

character*2 buffera
C assign unit descriptor for analog to digital converter

adc = ibfind ('adc')
C command for converter to write data is 'H8AJ'

call ibwrt (adc, 'HSAJ', 4)
C data is written as binary-coded decimal in ASCII

call ibrd(adc, buffera, 2)

GPIB Routine to Write and Read to/from the SASTU

C assign unit descriptor for adapter linked to SASTU
integer2 gp
character*10 bufferb, bufferc
gp = ibfind ('GPIB2')

C write data to GPIB adapter
call ibwrt (gp, bufferb, 10)
CrodU Uata A01-11 -ue GPIB adapter
call ibrd (gp, bufferc, 10)

15



Appendix B

DETAILED SOLUTION FOR EQUATIONS (16) AND (17)

To solve for X and 6, three equations are used in two unknowns. These trigonometric representations
must be arranged into closed expressions for the angles. By using trigonometry and the generalized
Pythagorean relation

C2+ X; + dZ = 1,

these expressions can be found.

From Eq. (14),

fly= fl0 cos a - AOZ sin &. $B2)

By using the trigonometric construction shown in Fig. 81 and making the following substitutions,
a = C,, b = floz yields

Aly = a cos 6 - b sin a (B3)

= c (cos ce cos 6 - sin a sin a) (B4)

= c cos(a + 6) $5)

by trigonometric identity;

A,, -(a2
+ ~~~~~~~~~(86)

y = (a 2 + b2 ) 1cos(ae + 6)

X = (4 + 4Z)'cos( + 6).

2 2A
c=(a +b)
cosa = a/c
sina = b/c

C b

ci

a
Fig. BI - Trigonometric construction needed to simplify the

expressions used to solve for Eqs. (16) and (17)
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By using the identity in Eq. (BJ) and rearranging:

WQst4 cc (B9)
(1 -fl~

1 (1 f A

a = Cos-[ n-y--1 - [I J (10)

This is a closed-form expression for 5.

From Eq. (15),

A - -4 s A wa A nnr A Ac ,A A nnXr{f
1z "4bX DIAL% '16LAJ %. 41 DlI Ui 

1
40z ~%?O y "4 W3 

cos (flA,, sin 6 + fi%, cos6) - sin O(flx), (B12)

which is of the same form as Eq. (B2). Letting a = (Ai,, sin S + %i cos 6) and b = At, rearranging
the expression yields

~~~Ai'A ~n~a.A $I 21(13)
Pz L"=Qv call U "Ga + A !J p) fT0 4 VW O \r PA).

Simplification is possible by expanding the square-root term as follows:

~~~~~~~~ ~~~~~2(814)lfl", sin a + floz cos a + fll =4 sin'z v + hA cos2 6 + 2i%, sin fi cos a 94

= t1($ - cos2 6)* R4jl - siTn2 6) + i + 24 sin S cOsS $ (15)

=A a2&r _42 %A A _!_ +. __ ei . --- aS v At -u t -. ti (RIA

(A 
2

A flA C A
2

1.4 C A
2

1.n

I - (4f, cos2 5 24g2 sin 6 cos 6 + sin s ) (17)

=1 - (4b Cos 6s -a f sin 6)2 (B18)

= 1 62 (19)

18
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from Eq. $2). From Eq. Q313)

' = (1 - d): Cs(os + ) 820)

* = cos-, I f I - cost1 [(Y sin 6 + Xicos] . (B21)
I u - 'r ) L (1 -C,) J

Eq. (121) is a closed form expression for 0.
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APPENDIX C

LATS PROGRAMS

C1. Setup Routine

C 19 NOV 1987
C PROGRAM TARGETSET.FOR SEPTI, 1987
C MODIFIED FROM PROGRAM LATS.FOR AUGUST, 1987
C MUST BE LINKED WITH FILES PFIB, MISET, M2SET, SCAN
C PROGRAM SERVES AS AN INTERACTIVE SET UP PROGRAM
C REQUESTING SENSOR #, MOVING GONIOMETER TO SENSOR LOCUS
C PROMPTING USER TO MANUALLY POSITION BEAM, SCANNING BEAM
C ACROSS SENSOR TO MAXIMIZE IRRADIANCE, AND RECORDING
r THTI POSITIN TNFnMPATTnM (nN nATA FTT PR

C THE FOLLOWING IS GPIB PROFESSIONAL FORTRAN HEADER
COMMON /IBGLOB/ IBSTA
integer*2 ibclr, TIMO, END
integer*2 ibfind, IBSTA
integer*2 ibrd, ibrdf, ibtmo
integer*2 ibwrt, ibwrtf
INTEGER*2 TNONE, T lOus ,T30us,T 1 OOus ,T300us
INTEGER*2 Tlms,T3ms,TIOms,T30ms,TlOOms
INTEGER*2 T300ms,Tls,T3s,TlOs,T30s
INTEGER*2 T1 OOs,T300s,T1 OOs,CMPL

C VARIABLE DECLARATIONS FOR PROGRAM
INTEGER XAXIS, YAXIS, GP, DN
INTEGER*2 BD, GPIBO, IOUT, F, ENTRY
INTEGER*2 PPR, SPR, IXX, IYY, IX, IY, PI, DI
REAL R(3), SH(3), MH(3)
REAL PH, DL, XP, YP
CUADACTCD*1 CU Ol TC TTC U70 -t
t..A sflflC ^tA DAf r L, 34,: P ,14 , U41,V 4 N 

LOGICAL BRANCH, NEW
c EOS mode: bit values

data BIN/Z'1000'/,XEOS/Z'800'/,REOS/Z'400'/
c Timeout values

data TNONE/O/,TlOusI 1 /,T30us/2/,T1OOus/3/,T300us/4/
data Tlms/Sf,T3ms/6/, TlOms/7/,T30ms/8l,TlOOms/9/
data T300ms/lOl,Tlsfl l,T3sf12/,TlOs/13/,T30s/14f
data TI 00sf 15/,T300s/16/,TlOOOs/l7/
data TlOOsfl5/,LF/10/

C
C GIVE ONLINE INSTRUCTIONS TO USER

WRITE (*,*)' TO RUN, THE FOLLOWING FILES MUST BE SUPPLIED:'
WRITE (*,*)' "HARDWARE.DAT' CONTAINS SYSTEM MEASUREMENTS:'
WRITE (*,*)' FACTOR (1.0),'
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WRITE (*/3' HORIZ DISTANCE TO BEAM ORIGIN PROM PANEL CENTER,'
WRITE (*,*)' VERT DISTANCE TO BREAM ORIGIN FROM PANEL CENTER,'
WRJT- (*,7 HORIZ DTINTANrF, RTFP.INfr Tfl TDAMVFFPPV iiwvrir'
WRITE (*)' VERT DISTANCE, STEERING TO TRANSFER MIRROR,'
WRITE (*,*' Z DISTANCE, STEERING TO TRANSFER MRROR,'
WRITE (*,*)' ALL DISTANCES IN CM UNITS'
WRITE ( "*' "DISPLAY" CONTAINS THE COMMAND TMV OCRI"'
WRITE (¶5' "RATE.DAT" CONTAINS A,R,S,F GONIOMETER PARAMETERS:'
WRITE (*' "ACRJR 2501CRJS 2JCR]F 20[CR]"'
OPEN (20, FILE='DECODE.DAT', STATUS='OLD')
CALL SETUP (F,R,SH,MH,XP,YP)
XAXIS= IBFIND ('XAXIS')
YAXIS= IBFIND ('YAXIS')
GP= IBP1ND ('GPIB2')

C ASK USER TO SELECT DATA ENTRY MODE
WRITE (*, *)' I
WRITE (*t *) 'ENTER (1) FOR KEYBOARD, (2) FOR IEEE DATA BUS'
READ (*, ENTRY

C PERFORM DEVICE CONNECTION CHECK
WRITE (*,*' THE FOLLOWING TWO RESPONSES SHOULD BE "48-'
WRT (*,*)' IF THEY ARE OTHERWISE, POWER DOWN SYSTEM'
CALL IBRSP (XAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) G1O10 lUUU
CALL IBRSP (YAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.4A) GO TO 1000

C LOOP HERE
I CALL LOC (F,IX,IY,DN,R,SH,MHBRANCHXP,YPSE,ENTRY,GP)

IF (IX LT. 0) GO TO 100
GO TO 110

t w n S I I NT AR ( I 3 I

T$='+' //CHAR(13)
GO TO 150

110 S$='+'f/CHAR(13)
nds _ * h I 1y I A rb 1 )\

150 IF (Y .LT. 0) GO TO 200
GO TO 210

200 U$='-'//CHAR(13)
v T -r IL- na Jk Li)

GO TO 250
210 U$=' + 'II/CHAR(13)

V$='-'//CHAR(13)
-1cn fAt -l'I /ruAIDl1\

IF (BRANCH) GOTO 6
CALL MOVE2 (IX, IY, XAXIS, YAXIS, S$, T$, U$, V$, G$)
GOTO 7

A C(AT I XAflXYPI (TV IV YAVI14 VAVIC Qgt mc re Hit nt r.w t.fl A O 1.IVJ R 4 X-, 1 't -4ALJ ASI 4A1J UI * 4, ITC, flWj, '.0W )

7 CALL POS (SEDN,XAXIS,YAXIS,GP,IXJY,ENTRY)
C GO TO HOME

IF (BRANCH) GOTO 8
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CALL MOVE2 (IX, IY, XAXIS, YAXIS, T$, S$, V$, U$, G$)
GOTO 9

8 CALL MOVEl (IX, IY, XAXIS, YAXIS, T$, S$, VS, US, G$)
9 IF (ENTRY.EQ.3) GOTO 10

GOTO 1

1000 WRITE (*, 1001)
1001 FORMAT (' DEVICE CHECK FAILURE')
3 FORMAT (3A)
5 FORMAT (LI)
10 STOP

END
C

C
SUBROUTINE LOC (F,IXIY,DN,R,SH, MH,BRANCH,XP,YP,SE,ENTRY,GP)

C ROUTINE TAKES MEASURED GONIOMETER PARAMETER AND CALCULATES
C PHI, DELTA FOR GIVEN SENSOR

REAL CD, SD, NN, RR, D
REAL R(3), N(3), RH(3), SH(3), NH(3), MH(3)
REAL X, Xl, X2, A, B, DL, PH
REAL XW, YW, P. XP, YP
INTEGER*2 DN, I, F, IX, IY, SE
INTEGER*2 ENTRY, DUM, TAX, JAY
INTEGER*2 IBRD, IBWRT, IBFIND
INTEGER GP
CHARACTER*2 UV, IR
CHARACTER*4 MESSAGE
CHARACTER*6 FNAME, POWER
CHARACTER*1 1 LIST
LOGICAL BRANCH
IF (ENTRY.EQ.1) THEN

C ASK WHICH TYPE OF SENSOR IS SOUGHT
50 WRT1E (* 5)

READ (* 6) SE
WRITE (*, 107)
READ (*, *) DN
END IF
IF (ENTRY.EQ.2) THEN
CALL IBRD (GP, POWER, 6)
WRITE (*, *) 'DATA READ FROM BUS 1'
CALL DECODE (POWER, SE, lAX, JAY, DN)
WRITE (*, *) SE, DN
MESSAGE= 'INIT'
CALL ENCODE (lAX, lAY, SE, MESSAGE, LIST)
WRITE (*, *) LIST
CALL IBWRT (GP, LIST, 11)
END IF
CLOSE (7)
IF (SE.LE.3.AND.SE.GT.O) THEN
rNYAME= 9TTI7 fl AT'

ELSE IF (SE.EQ.4.OR.SE.EQ,5) THEN
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FNAME= 'IR.DAT'
ELSE
GO TO 50
END IF
OPEN (7, FILE= FNAME, STATUS= 'OLD')

C
52 READ (7,*) 1, YW, XW

IF (DN.EQ.I) GO TO 53
GO TO 52

53 CLOSE (7)
R(1)= XW/F
R(1)= R(1) - XP
R(2)= YW / F
R(2)= R(2) - YP
RR= SQRT (R(1)**2 + R(2)**2 + R(3)**2)
DO S 1=1,3
RH(I)= R(I) I PR

55 CONTINUE
C
C COMPUTE REQUIRED GONIOMETER MIRROR NORMAL, EQS 1-3

DO 60 1=1,3
N()= (RHaJ) + 1H1)) 12

60 CONTINUE
NN= SQRT(N(1)**2 + N(2)*4*2 + N(3)**2)
DO 65 I= 1,3
NH()= N(D I NN

65 CONTINUE
C
C COMPUTE DELTA, EQN 19

D= SQRT (1 - MH(1)**2)
X= NH(2)/D
XI= ACOS(X)
X= MH(2)ID
X2= ACOS(X)
DL= X2 -Xl
SD= SIN (DL)
CD= COS (DL)
DL= DL * 180 / 3.14159

C COMPUTE PHI, EQN 24B
A= MH(l)
B= MH(2)*SD + MH(3)t CD
X1 = B*NH(1) - A*NH(3)
X2= A*NH(1) + B*NH(3)
P= (XI / X2)
PH= ATAN (X1IX2)

C CHANGE SIGN OF PHI, GONIOMETER USES POS VALUES FOR CW
PH= -PH * 180 / 3.14159

C CONVERT TO GONIOMETER COUNTS WITH ROUNDING
WRITE (*, 111) PH, DL
DL= DL * 100.0
PH= PH * 100.0
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IY= ANINT(DL)
IX= ANINT(PH)
IF (IX.GT.-100.AND.IX.LT.I00) BRANCH= .TRUE.
IF (IX.GE.100.OR.JX.LE.-100) BRANCH= FALSE.
WRITE (*, 110) IX, IY

2 FORMAT (A)
5 FORMAT (' IS SENSOR AR(1),UVH(2),UVL(3),IRH(4),IRL(5)? '/)
6 FORMAT (11)
107 FORMAT ('DETECTOR NUMBER:')
110 FORMAT (' NUMBER OF X STEPS ', 15, ' NUMBER OF Y STEPS ', IS)
111 FORMAT (' AZIMUTH (DEG)', F6.2, ' ELEVATION (DEG)', F6.2)

flf'ITTnkT

END
C
C

SUBROUTINE SETUP (F,R,SH,MH,XP,YP)
C ROUTINE GETS SCALING FACTOR, GONIOMETER POSTIONS REQUIRED
C FOR COMPUTATIONS

INTEGER*2 F
INTEGER*2 RL
REAL DTR, PH, DL, CD, SD, CP
REAL SP, SS, MM, RR, NN, XP, YP
REAL S(3), M(3), SH(3), R(3)
REAL RH(3), N(3), NH(3), MH(3)
RL= 30
OPEN (2,FILE ='OAR.DAT' ,ACCESS-'DIRECT',RECL =RL,

/ FORM='FORMATTED', STATUS= 'OLD')
OPEN (3,FILE 'UVH.DAT',ACCESS='DIRECT',RECL =R,

I rORMv*- = F1JbLVlt I JE , aSITATUSO U- 'J)
OPEN (4,FILE 'UVL.DAT',ACCESS = 'DIRECT',RECL = RL,

/ FORM='FORMATTED', STATUS= 'OLD')
OPEN (8,FILE = 'IRH.DAT',ACCESS = 'DIRECT',RECL=RL,

/ FORM='FORMA'TTED', STATUS= 'OLD')
OPEN (9,FILE = 'IRL.DAT' ,ACCESS = 'DIRECT',RECL =RL,

/ FORM='FORMATTED', STATUS= 'OLD')
OPEN (10, FILE= 'HARDWARE.DAT', STATUS= 'OLD')
READ (10. *) F. XP, YP. S(1), S(2) S(3), PH, DL

C ITERATIVE MIRROR NORMAL SOLUTION
C RUNS 500 ITERATIONS

DTR- 3.14159 / 180

C INPUT STEERING MIRROR COORDINATES
C INPUT GONIOMETER ANGLES AT R=(0, 0, -1)
C CONVERT TO RADIANS, COMPUTE TRIG FUNCTIONS

DL= DL * DTR
PH= PH DTR
CD= COS (DL)
SD= SIN (DL)
CP= COS (PH)
SP= SIN (PH)
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C NORMALIZE STEERING MIRROR VECTOR
SS= SQRT(S(1)**2 + S(2)**2 + S(3)**2)
DO 10 1= 1,3
SO)= S() / SS

10 CONTINUE
DO 25 3 = 1, 500

C CALCULATE GONIOMETER MIRROR NORMAL
MM= SQRT (2* (1-S(3)))
M(1)= (S(1)*CP - (S(3)-1)*SP)/MM
M(2)= (S(1)*SP*SD + S(2)*CD + (S(3)-1)*CP*SD)/MM
M(3)= (S(I)*SP*SD - S(2)*SD + (S(3)-1)*CP*CD)/MM

C COMPUTE NEW S FROM CALCULATED GONIOMETER MIRROR NORMAL
C AND MEASURED PHI, DELTA

S(1)= M(l) * CP + M(2) SP *SD + M(3) * SP * CD
S(2)= M(2) * CD - M(3) * SD
S(3)=-M(1) * SP + M(2) * CP * SD + M(3) " CP * CD

25 CONTINUE
C
C COMPUTE REST MIRROR NORMAL NO FROM STEERING MIRROR
C AND TARGET VECTORS

SS=SQRT (S(1)**2 + S(2)**2 + S(3)**2)
DO 30 1=1,3
SHW= S() I SS

30 CONTINUE
C INPUT AND NORMALIZE TARGET VECTOR

R(1)= Q.O
R(2)= 0.0
R(3)= -1.0
RR= 1.0

C READ (*, *) R(1), R(2), R(3)
C RR= SQRT (R(1)**2 + R(2)**2 + R(3)**2)

DO 35 I= 1,3
RHW)= R() RR

35 CONTINUE
C COMPUTE REQUIRED GONIOMETER MIRROR VECTOR FROM EQS 1-3

DO 40 I=1,3
NW= (RH(J) + SH))12

40 CONTINUE
NN= SQRT(NW**2 + N(2)**2 + N(3)**2)
DO 45 1=1,3
NHW= NO) / NN

45 CONTINUE
DL=O
PH= 0
SD= SIN (DL)
CD= COS (DL)
SP= SIN (PH)
CP= COS (PH)

C
C APPLY INVERSE OF TRANSFORMATION IN EQS 8,10
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MH(1)= NH(1) * CP - NH(3) * SP
MH(2)= NH(1) * SP * SD + NH(2) * CD + NH(3) * CP * SD
MH(3)= NH(1) * SP * CD - NH(2) * SD + NH(3) * CP * CD

C
C COMPUTE GONIOMETER ANGLES TO GIVEN TARGET COORDINATES

M(1)= MH(1)
M(2)= MH(2)
M(3)= MH(3)
MM= SQRT (M(1)**2 + M(2)**2 + M(3)**2)
DO 50 I= 1,3
MHW = MW / MM

50 CONTINUE
C
C WRITE (*, 108)

READ (10, *) R(3)
11 FORMAT (A)
12 FORMAT (12)

RETURN
END

C
C

SUBROUTINE POS (SEDNXAXISYAXIS,GP,PL,DL,ENTRY)
INTEGER XAXIS,YAXISGP
INTEGER DN
INTEGER*2 TIMO, RN, SE, ENTRY,IPH,IDL
INTEGER*2 PL, DL, PM, DM, PS, DS, PD, DD
INTEGER*2 IBWRT, IBRD

C PL, DL ARE PHI, DELTA OF LOCUS
C PM, DM ARE PHI, DELTA OF MANUAL POSITION
C PS, DS ARE PHI, DELTA OF SCANNED MAXIMUM
C PD, DD ARE PHI, DELTA DIFFERENCES

LOGICAL BRANCH
CHARACTER*2 S$, U$, G$
CHARACTER*6 PAUSE
CHARACTER*7 BUFX, BUFY
CHARACTER*9 CONV
LOGICAL FLAG, FLAF
LOGICAL OP
CHARACTER*10 DRT, FVAR
CHARACTER*1 1 LIST
INTEGER RCL
FLAF= .FALSE.

C ASK USER TO MANUALLY POSITION GONIOMETER
WRITE (*, 3)
IF (ENTRY.EQ.1) THEN
PAUSE
GOTO 20
END IF
CALL IBRD (GP, PAUSE, 6)
LIST= '#'//'99'//': '//'7'//'&'//'REDI'//'@'
CALL IBWRT (GP, LIST, 11)
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C SCAN ACROSS SENSOR TO IDENTIFY POSITION OF MAX IRRADIANCE
20 CALL SCAN (XAXIS, YAXIS, GP, PD, DD, ENTRY)
C SCAN RETURNS VALUES PS, DS DISTANCES TO MAXIMUM

FLAG= .FALSE.
C NOW MOVE TO MAXIMUM

GO TO 50
55 CONTINUE
C IPH=-10
C IDL= 10
C S$='-'//CHAR(13)
C U$='- '//CHAR(13)
C G$='G'//CHAR(13)
C CALL IBCLR (XAXIS)
C CALL IBCLR (YAXIS)
C CALL MOVEL (IPH, IDL, XAXIS, YAXIS, S$, T$, US, V$, 0$)

CALL IBCLR (XAXIS)
CALL IBCLR (YAXIS)
CALL IBWRTF (XAXIS, 'DISPLAY')
CALL IBWRTF (YAXIS, 'DISPLAY')
CALL IBWAIT (XAXIS, TIMO)
CALL IBWAIT (YAXIS, TIMO)
CALL IBRD (XAXIS, BUFX, 9)
CALL IBRD (YAXIS, BUFY, 9)
RN= DN
IF (SEQ.1) WRITE (2, 5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.2) WRITE (3,5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.3) WRITE (4, 5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.4) WRITE (8, 5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.5) WRITE (9, 5, REC=RN) DN, BUFX, BUFY

C READ CHAR STRING INTO INTEGER FORMAT
WRITE (CONV, 7) BUFX
READ (CONV, 8) PS
WRITE (CONV, 7) BUFY
READ (CONV, 8) DS
WRITE (*, 1003) PS, DS
FLAG=.TRUE.
FLAF = .FALSE.
PD= PL - PS
DD= DL - DS

50 IF (PD.GT.-l00.AND.PD.LT.100) BRANCH= TRUE.
IF (PD.GE.100.OR.PDIE.-100) BRANCH= .FALSE.
IF (PD .LT. 0) GO TO 100
GO TO 110

100 S$=-'//CHAR(3)
GO TO 150

110 S$=' +'IICHAR(13)
150 IF (DD LT. 0) GO TO 200

GO TO 210
200 U$r'-'//CHAR(13)

GO TO 250
210 U$=t+`//CHAR(13)
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250 G$='G'//CHAR(13)
IF (FLAF) GOTO 51
IF (FLAG) THEN
WRITE (*, 6)
IF (ENTRY.EQ.1) THEN
PAUSE
GOTO 21
END IF
CALL IBKI (GP, PAUSE, 6)
LIST= '#'//'99'II':'11'7'/I'&'II'REDI'I'@'
CALL IBWRT (GP, LIST, 11)

21 WRITE (*, 1002) PL, PS, PD
WDlT'E f*, 1 M)I nLT nf, Mn

FLAF= .TRUE.
GOTO 50
END IF

51 IF (BRANCH) GO TO 9
CALL MOVE2 (PD,DD,XAXIS ,YAXIS ,S$ ,T$,U$,V$,G$)
IF (FLAG) GOTO 10
GOTO 55

9 CALL MOVEl (FD,DD,XAXIS,YAXIS,S$,T$,U$,V$,G$)
IF (FLAG) GOTO 10
GOTO 55

2 FORMAT (1})
3 FORMAT ('OMANUALLY POSITION GONIOMETER TO DESCRIBED TARGET '1

C PflDkA TAZflI A ONI FONI.AT k.5,2A9)
6 FORMAT (' WAITING TO RETURN TO HOME POSITION ')
7 FORMAT (A9)
8 FORMAT (19)

1000 FORMAT (' ',2A9)
1002 FORMAT (' LOCUS: ', 5,' SENSOR: ', I5, ' DIFFERENCE: ',15)
1003 FORMAT (' X POS OF MAX: ', I5, ' Y POS OF MAX: ',15)
10 RETURN

END
C
C

SUBROUTINE MOVE1 (IX,IY,XAXIS,YAXIS,S$,T$,U$,V$,G$)
C ROUTINE TAKES RETURNED STEP COUNTS AND DIRECTS CONTROLLER
' r T V flf lnfTltrVrrn n-n en rr'-rr~n n A ii r-Tr

t, I 11. ilflJ v .; %J~j'lJNflJVI I UXI %_.)3ftP l I EL) I )4ISXJE I
C THE FOLLOWING IS GPIB PROFESSIONAL FORTRAN HEADER

integer*2 ibclr
integer*2 ibrd
integer*2 ibwrt, TIMO, END
integer*2 BIN, XEOS, REOS, LF, S, CMPL
INTEGER*2 TNONE, T lOus ,T30us,T 1 OOus,T300us
INTEGER*2 Tlms,T3ms,TlOms,T3Oms,TlOOms
INTEGER*2 T300ms,Tls,T3s,T10s,T30s
INTEGER*2 T1OOs,T300s,T1000s
REAL XSTEPS, YSTEPS, PH, DL
INTEGER XAXIS, YAXIS, IOUT
INTEGER*2 DN, A, L, K, J
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INTEGER*2 IXX, IYY, IX, IY
CHARACTER*1 N$
CHARACTER*2 S$, T$, U$, V$, G$, BAD
CHARACTER*4 X4$, Y4$
CHARACTER*S X3$, Y3$
CHARACTER*6 X$, Y$, XI$, Yl$
CHARACTER*7 X2$, Y2$
CHARACTER*8 RATE

c GPIB Commands: values
DATA TIMO/Z'4000'/, END/Z'2000'/

c Ibenf error messages: values

data BIN/Z'1000'/,XEOS/Z'800'/,REOS/Z'400'/
c Timeout values

data TNONE/O/,TIOus/JI,T3Ous/2/,TIOOus/3/,T300us/41
data TIm.xs/5/T3ms/6i6TlOmst/71T30msI/,/TIOOmsf9I
data T300ms/10/,TI sl 1/,T3s112/,TlOs/ 13/T30s/14/
data TlOOs/l5/,T300s/16/,TlOO0s/17/
data S/08/, LF/101
RATE= 'RATE.DAT'
A= DN

1 FORMAT (' OUTPUT DATA FILE NAME:')
I I FORMAT (A)
16 FORMAT 04)
17 FORMAT (13)

18 FORMAT (12)
19 FORMAT (1)
C RATE IS THE FILE WHICH CONTAINS A,R,S,F STATEMENTS

IIA V V701 VflfT7f l A XT7fr\1...ALL IDLL kAA1&O)
CALL IBWRTF (XAXISRATE)
CALL IBCLR (YAXIS)
CALL IBWRTF (YAXIS,RATE)r
IXX-IABSQX)
IYY=IABSQY)
N$=PWN

IF (IXX.LT.1000 .AND. IX XGE. 100) WRITE(X$,17) IXX
IF (IXX.GE. 1000) WRITE(X$,16) lXX
IF (IYY.LT.1000 .AND. IYY .GE. 100) WRITE(Y$,17) IYY
IF (IYY.GE. I000) WRJTE(Y$,16) IYY
IF (IXX.LT.100.AND.IXX.GE. 10) WRITE (X$,18)IXX
IF (1YY.LT.100.AND.1YY.GE.10) WRITE (Y$,18) IYY
IF (IXX.LT. 10) WRITE (X$, 19) IXX
IF (IYY.LT. 10) WRITE (Y$, 19) IYY
IF (IXX.EQ.0) X$='00'
IF (IYYt.Q.U) Y$=Ut0w
Xl$=N$//' '/X$(1:3)//CHAR(13)
XZ$= N$//' '//X$(1 :4)//CHAR(13)
X3$= N$//' '/X$(1:2)//CHAR(13)
tr4t..=..NSff', 'inrttt. f1{C'Un &DI 3,
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Yl$=N$II' 'IIY$(1:3)//CHAR(13)
Y2$=N$//' '/1Y$(1 :4)//CHAR(13)
Y3$=N$//' '//Y$(1 :2)//CHAR(13)
Y4F1=XN A X 1N' '//Y$(1:Y0 G/CHAR(T 83
IF(IXX.LT. 100.AND.IXX.GE. lIO.AND.IYY.LT. 100.AND.IYY.GE. 10) GOTO 800
IF (IXX.LT.I00.AND.IXX.GE.10.AND.IYY.GE.1000) GO TO 900
IF(IXX.LT. 100.AND.IXX.GE. 10.AND.IYY.GE. 100.AND.IYY.LT. 1000)GOTO 12
IF (IXX.LT.1O.AND.IYY.LT.10) GO TO 1300
IF (lXX.LT.1O.AND.IYY.GE.10.AND.IYY.LT.100) GO TO 1400
IF (IXX.LT.10.AND.IYY.GE.100.AND.IYY.LT.1000) GO TO 1500
IF (IXX.LT. 1O.AND.IYY.GE. 1000) GO TO 1600
IF (IXX.GE. 1 O.AND.IXX.LT. 100.AND.IYY.LT. 10) GO TO 1700

flflf £9A V Tn£rffl A ~7V*\
8w CAILL IUCLL~4AALI))

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
900 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
('AT T TIIIATr! fVA VTV i'ikfxn
C-ljALL YYAI flAk 5lfrt.J . ATJJJ

CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
12 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL 1BWRT(YAXISY1$,6)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1300 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
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CALL IBWRT(XAXISG$1 2)
C Y AXIS MOVEMENT

CALL IBWAIT (XAXZS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1400 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
CALL lBWRTXt-AXISGa,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

r- X AXIS MOVEMENT
1500 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL 1BWAIT (XAXIS, 27MG)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,YI$,6)
CALL IBWRTtYAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1600 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)
V AVTQ ArXlrflVflQWN]TC Y&lvl AXIS MvI EN
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1700 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
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CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
300 CONTIINUE

RETURN
END

C

SUBROUTINE MOVE2 aX,IY,XAXIS,YAXIS ,S$,T$,U$,V$,G$)
C ROUTINE TAKES RETURNED STEP COUNTS AND DIRECTS CONTROLLER
C TO MOVE GONIOMETER TO SELECTED TARGET
C THTE FOLLOWING IS GPIB PROPFESSIONAT FORfAN UHADER

integer*2 ibclr
integer*2 ibrd
integer*2 ibwrt
integer*2 BLN, XEOS, REOS, TWMO, END, .5 LF
INTEGER*2 TNONE, T1Ous,T3Ous,TlOOus,T300us
INTEGER*2 T1 ms,T3ms,T 1 Oms ,T30ms,T1 QOms
INTEGER*2 T300ms,T1s,T3sTlOs,T3Qs
INTEGER*2 T100s,T300sIT100Os
REAL XSTEPS, YSTEPS, PH, DL
INTEGER XAXIS, YAXIS, IOUT
INTEGER*2 DN, A, L, K, J
INTEGER*2 IXX, IYY, IX, IY
CHARACTER*1 N$
CHARACTER*2 S$, T$, U$, V$, G$, BAD
CHARACTER*4 X4$, Y4$
CHARACTER*5 X3$, Y3$
CHARACTER*6 X$, Y$, XI$, Y1$
CHARACTER*7 X2$, Y2$
CHARACTER*8 RATE

c (PIB Commands: values
DATA TIMO/Z'4000'/, ENDIZ'2000'/

c Iberr error messages: values
c EOS mode: bit values

j... flTkTl'f71 nAn/Is0~ ~nr Ar k'lff I fTlflfEl /Ff AAlflIIuata MOIEN/L IJvA I ,Ar/X L OW I/,rIlUWI 'J4W

c Timeout values
data TNONE/O/,T1 Ous/l /,T30us/2/,TI OOus/3/,T300us/4/
data Tlms/5/,T3ms/6/,TlOmsI7/,T30ms/8/,TlOOmsI9/
data T lhlTlsm1/mII ll/fT/12/,TIas/12f3,l0s/14f
data T1OOs/15/,T300s/16/,TIOOOs/17/
data S/08/, LF/10/
RATE= 'RATE.DAT'
A= nN

11 FORMAT (A)
16 FORMAT (14)

17 FORMAT (13)
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18 FORMAT (12)
19 FORMAT (11)
C RAlt IS THE FILE WHIH CUONTAiNS A,R,S,F STAIEMENIS

CALL JBCLR (XAXIS)
CALL IBWRTF (XAXIS,RATE)
CALL IBCLR (YAXIS)
£9 A V V vfTnXTr /t~? A ~rW(V V A rnr\U/iLL I WKi r (,ItIuALAlAIlJ

C
IXX =IABS (IX)
IYY=IABS(lY)

-t 'NT'
fIp- P14 

IF (IXX.LT. 2000.AND. IXX.GE. 200) WRITE(X$,17) x
IF (IXX.GE.1000) WR1TE(X$,16) 1XX
IF (IYY.LT. 1000 .AND. IYY .GE. 100) WRITE(Y$,17) IYY
Tw i' nr lnnN UlrDrrn/vt JC' wV
uLA ~AA A .XI3 .i.A'NJMJ vTata.11-~,~kU Ix IJ LJ 

IF (XX.LT.100.ANI.IXX.GE,10) WRITE (X$,18) LXX
IF (IYY.LTA10.AND.IXX.GE10) WRITE Y,18) WY
IF (IXX.LT.10) WRITE (X$, 19) IXX
TI flVV T Tr 1a fl\iTrV Vt CION TVV
A- \. .A A.tA. 9JJ. TAAt \L' £2 LA £, 

IF (IXX.EQ.Q) X$-'00'
IF (IYYEQ.0) Y$=00'
Xl$=N$//' '//X$(1:3)/JCHAR(13)
VYtI- Mt/I' 'J//V/I .A\JrIJ A D/I J2
Jtxh - iqpF r r FfIlpJfL, .- T)t I X-tflAtIzLJ/

X3$ =N$fl' 'ffX$(1:2)/ICHAR(13)
X4$=N$/// '//X$( 1:1)I/CHAR(13)
Y1$=N$II' 'flY$(1 :3)IICHAR(13)
V't-?,JlJ' 'IU/Vt/1 Al IJAIDf1'1At4sJ'-I AI AW\&J.,jf.A1XACLAXA..\ASJ

Y3$=N$//' '/Y$(1:2)//CHAR(13)
Y4S= N$I/' '//Y$(1: 1)//CHAR(13)'
IF (IXX.LT. 1000.ANDJXX.GE.100.AND.IYY.GE. 1000) GO TO 500
.. (WV fl.T tflA AN TflVV IT .I (A AMTIVy f I MA1 fll f Tcn 

-- 1~~~A..... .A A-.5-4 A .£J AI~JtMj. A A . JA. Aw9.)%5'j A~ x SJIJ

IF (IXX GE. 100 AND. IYY GE. 1000) GO TO 700
IF(IXX.GE. 100.AND.IXX.LT. 1000.AND.IYY.LT. 100.AND.IYY.GE. 10)GOTO 10
IF (IXX.GE.1000.AND.IYY.LT.100.ANDIIYY.GE.10) GO TO 1100
T ITVV flfr-l, It) A XTh WVV 1 Tr I MA A n.i . lV T r ten nn rn 1 o)
At\ttX lt&19.fhL A9J.~ LJI.flk¶ LS.A I I .- Le A v) %Jw J 11. AUW%

IF (IXX.GE.l00.AND.IYY.LT.10) GO TO 1900
IFQXX.LT. 100.AND.ZXX.GE. 100.AND.IYY.LT. 10.AND.IYY.GE. 100)

I GOTO 2
C V AVIV AfX1TIS

500 CALL IDCLR(XAXIS)
CALL IBWRT(XAXIS,X1$,6)
CALL IBWRT(XAXISS$,2)
r' A T I IDUJ'lrTV A -VI ft IX

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
P'AT I lDYlfDTCVAVW VWlt 'TX
t...lAL. LP TV AX A\ i r'fA

1
a, A &L4 F)

CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXISPG$,2)
GO TO 300

C' V AVX T kEsflYCAACKTT
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600 CALL IBCLR(XAXIS)
CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y1$,6)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)

2 GOT0300
C X AXIS MOVEMENT
700 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
10 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X1$,6)
CALL IBWRT(XAXISS$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1100 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1800 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X1$,6)
CALL IBWRT(XAXIS,S$,2)
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CALL IBWRT(XAXIS,G$,2)
C Y AXIS MOVEMENT

CALL IBWAIT (XAXIS, TMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1900 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXTS,S$,2)
CAT'T[, TMUU DT tIVAVTCflt'fl
t'flLJ..' A'L' TV im A tlflli ,t.41,4

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,C$,2)
GO TO 300

C X AXIS MOVEMENT
20 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X1$,6)
CALL IBWRT(XAXISS$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAX1S,Yl$,6)
CALL IBWRIT I AIXi,U$,2)
CALL IBWRT(YAXIS,G$,2)

300 CONTINUE
RETURN
END

C.

SUBROUTINE SCAN (XAXIS, YAXIS, GP, IX, IY, ENTRY)
C ROUTINE STEPS BFAM THROIIG4 SCWANNING OF SENSOR AND DETERMINES
C POSITION OF MAXIMUM IRRADIANCE

INTEGER XAXIS, YAXIS, GP
INTEGER t 2 XAR, YAR, MXAR, MYAR
1NTEGER*2 IPH, IDL, IX, lY, DUM
INTEGER*2 IBTMO, IBCLR, IBRD, TIMO, IBWRT
INTEGER*2 T3MS, T3S, SPR
INTEGER*2 ITYPE, ENTRY
REAL ARRAY, POWVAL
CHARACTER*2 Ss, us, Gs
CHARACTER*4 MESSAGE
CHARACTER*6 POWER
CHARACTER*11 LIST
DIMENSION ARRAY (1:5, 1:5)
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DATA T3MS/61,TS/I ll/,T3S/121
C PERFORM DEVICE CHECK

CALL IBRSP (GP, SPR)
WRITE (*, *) SPR
IF (SPR.NE.0) GO TO 90

C MOVE BEAM FROM MANUALLY SELECTED POSITION TO BEGINNING OF SCAN
IPH = 0
IDL=O
S$= '-'/fCHAR(13)
U$='+ '//CHAR(13)
G$ ='G'//CHAR(13)
CALL IBCLR (XAXIS)
CALL IBCLR (YAXIS)
CALL MOVEI (IPH, IDL, XAXIS, YAXIS, S$, T$, US, V$, G$)
IF (ENTRY.EQ.1) GOTO 31
CALL IBRD (GP, POWER, 6)
WRITE (*, 70) POWER
CALL DECODE (POWER, ITYPE, XAR, YAR, DN)
MESSAGE= 'REDI'
IF ((XAR.NE.1).OR.(YAR.NE. 1)) MESSAGE= 'BADD'
WRITE (*, *) 'XAR AND YAR ARE:'
WRITE (*, *) XAR,YAR
CALL ENCODE (XAR, YAR, ITYPE, MESSAGE, LIST)
rAT I IRWRT (GP T 'T 1 1\

31 U$='-'//CHAR(13)
C SCAN THROUGH 25 STEPS IN 5 INCREMENTS OF 5 STEPS EACH

DO 10 J=5
DO 20 I= 1
IF (ENTRY.EQ.I) GOTO 32
CALL IBRD (GP, POWER, 6)
CALL DECODE (POWER, ITYPE, XAR, YAR, DN)
MESSAGE= 'REDF'

32 K= J/2
IF (MOD(J,2).NE.0) THEN
S$= ' + '//CHAR(13)
M=I+I
END IF
IF (MOD(J,2).EQ.O) THEN
S$ = '-'//CHAR(13)
M=1-I
EkTn TT

N=J/5
IPH=O
IDL=O
IF (ENTRY.EQJ1) GOTO 33
IF (XAR.NE.M.OR.YAR.NE.N) MESSAGE= 'BADD'

33 CALL MOVEI (PH, IDL, XAXIS, YAXIS, S$s, T$, Us, V$, G$)
IF (ENTRY.EQ.1) GOTO 20
CALL ENCODE (XAR. YAR. lTYPE. MESSAGE, LIST)
CALL IBWRT (GP, LIST, 11)

20 CONTINUE
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IF (J.EQ.5) GOTO 11
IPH=0

IF (ENTRY.EQ.1) GOTO 34
CALL IBRD (OP, POWER, 6)
CALL DECODE (POWER, ITYPE, XAR, YAR, DN)
MESSAGE= 'REDI'

34 N= N+l
IF (ENTRY.EQ.1) GOTO 35
IF (XAR.NE.M.OR.YAR.NE.N) MESSAGE= 'BADL'

35 CALL MOVE] OPH, IDL, XAXIS, YAXIS, S$, T$, U$, V$, G$)
IF (ENTRY.EQ.1) GOTO 10
CALL ENCODE (XAR, YAR, ITYPE, MESSAGE, LIST)
CALL lBWRT (GP, LIST, 11)

10 CONTINUE
11 IF (ENTRY.EQ. 1) THEN

MXAR= 1

MYAR= I
GOT0 36

END IF
CALL IBRD (GP, POWER, 6)
CALL DECODE (POWER, ITYPE, MXAR, MYAR, DN)
IF (XAR.LT.1.OR.XAR.GT.5.OR.YAR.LT.1.OR.YAR.GT.5) MESSAGE='BADD'
IF (lTYPE.GT.9.OR.TYPE.LT.8) MESSAGE= 'BADD'
IF (ITYPE.EQ.9) ENTRY=3
CALL ENCODE (MXAR, MYAR, ITYPE, MESSAGE, LIST)
CALL IBWRT (GP, LIST, 11)

36 IX= -(t5*(l-MXAi))
IY= (5*(1-MYAR))
RETURN

70 FORMAT (A10)
80 ORUMAT C1O)
90 WRITE (,*) 'DEVICE CHECK ERROR'

END
C
C

SUBROUTINE DECODE (POWER, ITYPE, IDX, INY, DN)
INTEGER*2 ITYPE, IDX, INY, DN
CHARACTER*1 TYPE, DX, NY
£911 A flA £9Prr IV- I%nfvl rrn eNr-k,L v
LfilkAL- LnJ ruWJrY, COilN V
WRiTE (20, 1) POWER
TYPE= POWER (2:2)
DX= POWER (4:4)
LT9.J... TnnnirTn IC.C\

WRITE (CONy, 2) TYPE
READ (CONV, 3) ITYPE
WRITE (*, *) IYPE
fllTbrNfl (C )A¶T 'i .,X
YY £9.1A Il \LXJ V ~ Z.) Si^.

READ (CONV, 3) IDX
WRITE (*, *) 1DX
WRITE (CONY, 2) NY
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READ (CONV,3) INY
WRITE (*, *) INY
DN=IDX*10
DN=DN+INY
WRITE (*, *) DN

1 FORMAT (A6)
2 FORMAT (A)
3 FORMAT (11)

RETURN
END

C
SUBROUTTNE ENCODE (,pTDUT nDEL, TTVPP MF4VAflP T\ISTl
INTEGER*2 IPHI, IDEL, ITYPE
CHARACTER*1 PHI, DEL, TYPE, CONV
CHARACTER*4 MESSAGE
CHARACTER*il LIST
WRITE (CONV, 1) IPHI
READ (CONV,2) PHI
WRITE (CONV, 1) IDEL
READ (CONV, 2) DEL
WRITE (CONV, 1) ITYPE
READ (CONV, 2) TYPE
LIST = '#'/fPHI//DEL//': I//TYPE//'&'//MESSAGE//'@'
WRITE (*, 2) LIST

I FORMAT (II)
2 FORMAT (A)

RETURN
END
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C2. Pointing Routine

C FROM PROGRAM HITRGT.FOR SEPT 15, 1987
c LINK WIT PFIB;
C PROGRAM TO READ TARGET POSITION DATA FILES:
C OAR.DAT, UVH.DAT, UVL.DAT, IRH.DAT, IRL.DAT,
C FROM DATA RECEIVED FROM LACE MVAX, AN) TO THEN
C EXECUTE POSITIONING OF LASER BEAM ON GIVEN TARGET
C PROGRAM ALSO TAKES POWER MEASUREMENT, CALIBRATES AM)
C RETURNS POWER TO LACE MVAX.
C GPIB PROFESSIONAL FORTRAN HEADER

COMMON IIBGLOBI IBSTA, IBERR, JBCNT
C GPB FUNCTIONS

INTEGER*2 IBSTA, IBERR, IBCNT
INTEGER*2 IBCLR, IBCMD, IBEOS, IBFIND, IBONL
INTEGER*2 IBRD, IBRDF, IBRSP, IBSRE, IBTMO
INTEGER*2 IBWA1T, IBWRT, IBWRTF

C GPIB COMMANDS
INTEGER*2 UNL, UNT, GTh, SDC, PPC, GET, TCT, SPR
INTEGER*2 LLO, DCL, PPU, SPE, SPD, PPE, PPD
INTEGER*2 ERR, TIMO, END, SRQI, RQS, CMPL, LOK
INTEGER*2 REM, CIC, ATN, TACS, LACS, DTAS, DCAS

C TIMEOUT VALUES
INTEGER*2 TNONE, T1OUS, T30US, TIOGUS, T300US
INTEGER*2 TIMS, T3MS, T1OMS, T30MS, TIOOMS
INTEGER*2 T300MS, TIS, T3S, TIOS, T30S
INTEGER*2 TICS, T300S, TIOOOS

C MAIN PROGRAM VARIABLE DECLARATIONS
INTEGER XAXIS, YAXIS, ADC, GP
INTEGER*2 PH, DL, IX, IY, DN, DATA
INTEGER*2 ITYPE, VAL, LASER, LS
REAL POUT, BEAM, PRF, PL, RATIO
CHARACTER*6 BUF
CHARACTER*1 TYPE, CONV
CHARACTER*2 CDN, DONV
CHARACTER*7 BONV, CPOUT
CHARACTER*10 FNAME
CHARACTER*14 LIST
LOGICAL OP, EX

C GPIB COMMANDS: VALUES
DATA UNLI63I, UNTI95/, GTL/I0/, SDC/04/, PPCIOS/
DATA GET/0II, TCT/09/, LLOfl7I, DCLI2OI, PPUI211
DATA SPE/24/, SPD125/, PPEI96/, PPD1112/

C OPIB STATUS BIT VECTOR: VALUES
DATA TIMO/Z'4000'/, END/Z'2000'/, SRQIUZ'1000'/
DATA CICIZ'20'l, RQSIZ'800'I, CMPL/Z'100'I, LOKJZ'80'I
DATA REMIZ'40'I, ATNIZ'10'1, TACS/Z'8'f, LACS/Z'4'/
DATA DTAS/Z'2'I, DCASIZ'I'/

C EOS MODE: BIT VALUES
DATA BIN/Z'1000'4,XEOS/Z'800'/,REOS/Z'4001

C TIMEOUT VALUES
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DATA TNONE/O/,T 1 Ous/ 1 /,T30us/2/,T 1 OOus/3/,T300us/4/
DATA Tlms/5/,T3ms/6/,T 1 Omsl71,T30msl8/,T 1 OOms/9/
DATA T300ms/10/,Tls/ 11/,T3s/12/TlOs/13/,T30s/14/
DATA TlOOs/15/,T300s/16/,TlOOOs/17/

C DEVICE ADDRESS LOCATION
XAXIS= IBFIND ('XAXIS')
YAXIS= IBFIND ('YAXIS')
GP= IBFIND ('GPIB2')
ADC= IBFIND ('ADC')

C PERFORM DEVICE CONNECTION CHECKS
CALL IBRSP (XAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) GOTO 12
CALL IBRSP (YAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) GOTO 12
CALL IBRSP (GP, SPR)
WRITE (*, *) SPR
CALL IBRSP (ADC, SPR)
WRITE (*, *) SPR

C AN IBWRT WILL HANG ON THE BUS UNTIL MVAX READ ADDRESSES
C IBMPC TO WRITE TO BUS
C AN IBRD WILL HANG ON THE BUS UNTIL MVAX WRITES DATA ON BUS
C ASK USER WHETHER TO EXPECT DATA FROM BUS OR KEYBOARD

WRITE (*,*) 'EXPECT DATA FROM KEYBOARD (1), OR IEEE BUS (2)'
READ (*, *) DATA

1 CONTINUE

CALL SEARCH (PH, DL, DN, ITYPE, DATA, GP)
C EXECUTE MOVEMENT

CALL MOVE (PH, DL, XAXIS, YAXIS)
C TAKE POWER MEASUREMENT READING FROM ADC

CALL POWER (ADC, ITYPE, POUT)
IF(DATA.EQ.1) GOTO 1

C ENCODE POUT AS DATA WORD TO SEND BACK TO MVAX
WRITE (DONV, 20) DN
READ (DONV, 21) CDN
WRITE (CONV, 22) ITYPE
READ (CONV, 23) TYPE
WRITE (BONV, 24) POUT
READ (BONV, 25) CPOUT
LIST = '#'//CDNII': '//TYPE//'&'//CPOUT//'@ '

C SEND POWER MEASUREMENT TO MVAX
WRITE (*, 26) LIST
CALL IBWRT (GP, LIST, 14)

C LOOP BACK, GET ANOTHER SENSOR ID NUMBER
GOTO 1

20 FORMAT (12.2)
21 FORMAT (A2)
22 FORMAT 1)
23 FORMAT (Al)
24 FORMAT (F7.3)
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25 FORMAT (A7)
26 FORMAT (A)
11 PnuOMAT (AS)

12 WRITE (*, *) 'DEVICE CHECK FAILURE, POWER DOWN CONTROLLER'
END

C
SUBROUTINE SEARCH (PRH DL- DN IYPER X- GP)

C ROUTINE DECODES DATA READ FROM MVAX, OPENS DATA FILE,
C RETURNS WITH DN, PH, DL VALUES

INTEGER*2 PH, DL, DN, DM
INTEGER*2 ITYPE, K, IBRD, IBWRT
INTEGER RL, CODE, GP
CHARACTER*7 FILNM
CHARATR*6 BUF
CHARACTER*4 DONV
CHARACTER*l CONV
CHARACTER*1 BDN, BDM
CHARACTER*1 BTYPE
RL= 30

103 IF (K.EQ. 1) THEN
WRITE t 99)
WRyTE (1, 101)
READ (*, *) ITYPE, DN
GO TO 102
END IF
IF (K.EQ.2) THEN
CALL IBRD (GP, BUF, 6)
BTYPE= BUF(2:2)
BDN= BUF(4:4)
BDM= BUF(5:5)
WRITE (CONV, 4) BTYPE
READ CONV, 6) IT YPE
WRITE (CONV, 4) BDN
READ (CONV, 6) DN
WRITE (CONV, 4) 1DM
READ (CONV, 6) DM
DN=DN*IO
DN=DN + DM
END IF

U 2 CUDE= 8D

IF (lTYPE.EQ.4.OR.lTYPE.EQ.5) CODE= 40
IF (ITYPE.EQ,1) FILNM='OAR.DAT'
IF ([TYPE.EQ.2) FILNM='UVR.DAT'
t flrv nr. r-'rt oi ,Vr f a 9ts yv .air L~L rr.ty.3I rlLN=M UVL.lJAI
IF (ITYPE.EQ.4) FILNM='IJRHDAT'
IF (ITYPE.EQ.5) FILNM='IRL.DAT'
IF (lTYPE.LT.l.OR.rTYPE.GT.S) GO TO 3
fllflnrr 1* *\ -fli NivEYVU lu Itjr k- ruiLnIY
OPEN (2, FILE=FILNM, ACCESS='DIRECT', RECL=RL,

/ FORM= 'FORMATTED', STATUS=OLD')
C SEARCH FOR PH, DL
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READ (2, REC=DN, FMT=8) J, PH, DL
WRITE (*, *) J, PH, DL

10 CONTINUE
1 RETURN

3 WRITE (*, 9)
GOTO 103

4 FORMAT (A)
5 FORMAT (A3)
6 FORMAT (11)

7 FORMAT (A4)
8 FORMAT (15, 219)

9 FORMAT (' SENSOR TYPE NOT PROPERLY IDENTIFIED')
99 FORMAT (' SENSOR TYPES: (I)AR, (2)UVH, (3)UVL, (4)IRH, (5)IRL')
100 FORMAT ( ENTER (1) FOR USER INPUT,

1 (2) FOR IEEE DATA XFER: ')
101 FORMAT(' ENTER SENSOR TYPE, ID#:')

END
C

SUBROUTINE MOVE (PH, DL, XAXIS, YAXIS)
C ROUTINE TAKES RETURNED STEP COUNTS AND DIRECTS CONTROLLER
C TO MOVE GONIOMETER TO SELECTED TARGET

INTEGER*2 PH, DL, IXX, IYY, IX, IY
INTEGER*2 XAXIS, YAXIS, TIMO
CHARACTER*1 N$
CHARACTER*2 S$, Us, G$

'TY Ari) Ar4'irn *A ' 7 A t XA

CHARACTER *5 X3$, Y3$
CHARACTER*6 X$, Y$, XI$, Y1$
CHARACTER*7 X2$, Y2$, BUFX, BUFY
CHARACTER*8 RATE
CHARACTER*9 CV

C READ CURRENT POSITION FROM DISPLAY
CALL IBCLR (XAXIS)
CALL IBCLR (YAXIS)
CALL IBWRTF (XAXIS, 'DISPLAY')
CALL IBWRTF (YAXIS, 'DISPLAY')
CALL IBWAIT (XAXIS, TIMO)
CALL IBWAIT (YAXIS, TIMO)
CALL IBRD (XAXIS, BUFX, 9)
CALL IBRDI (YAXIS, BUFY, 9)
WRITE (*, 2000) BUFX, BUFY

C READ CHARACTER STRING INTO INTEGER FORMAT
WIJDTTC (tri1 7A PBUFV

TV LXI A t V% F, U)j " %k/A Lx

READ (CV, 80) IX
WRITE (CV, 70) BUFY
READ (CV, 80) IY

C SUBTRACT PRESENT VALUES FROM DESTINATION POSITION
PH= PH - IX
DL= DL - IY
RATE= 'RATE.DAT'

C RATE IS THE FILE WHICH CONTAINS A,R,S,F STATEMENTS
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CALL IBCLR (XAXIS)
CALL IBWRTF (XAXS,RATE)
CALL IBCLR (YAXIS)
CALL IBWRTF (YAXIS,RATE)

C WRITE STEP COUNTS AS STRINGS
lXX =lABS(PH)
IYY =IABS(DL)

IF (IXXLT.1000 .AND. LXX .GE. 100) WRIE(X$,17) l
IF (IXX.GE.1000) WRITE(X$,16) IXX
IF (IYY.LT.1000 AND. IYY .GE. 100) WRJT($,17) IY
IF (IYY.GE.1000) WRITE(Y$,16) IYY
IF (XX.LT.100.AND.IXX.GE.10) WRIT (X$,8I) DCX
IF (IYY.LT. 10O.AND.YY.GE.10) WRITE (Y$,18) IYY
IF (IXX.LT.10) WRITE (X$, 19) IXX
IF (IYY.LT. 10) WRITE (Y$, 19) IYY
IF (IXX.EQ.0) X$='00'
IF (IYY.EQ.0) Y$='00'
Xl$=N$//' /IX$(1 :3)IICHAR(13)
X2$ =N$// '13$(1 :4)IfCHAR(13)
X3$ = N$//' '/3X$(1 :2)I/CHAR(13)
X4$=N$//' '11X$(1 :1)I/CHAR(13)
YI$=N$//' '//Y$(1:3)1/CHAR(13)
Y2$= N$f' 'ifY$(1 :4)//CHAR(13)
Y3$ = N$11 'IfY$(1 :2)//CHAR(13)
Y4$=N$/l' 'IIY$(1:1)/fCHAR(13)
IF (PH .LT. 0) GO TO 100
GO TO 110

100 S='-'/ICHAR(13)
GO TO 150

110 S$='+'//CHAR(13)
150 IF (DL iT. 0) GO TO 200

GO TO 210
200 U$='-'IICHAR(13)

GO TO 250
210 U$='+'f/CHAR(13)
250 G$='G'IICHAR(13)

IF(IXX.LT. 100.AND.IXX.GE. 10.AND.IYY.LT. 100.AND.IYY.GE.10)GOTO $00
IF (IXX.LT.100.AND.IXX.GE.iO.ANDIYY.GE.1000) GO TO 900
IF(IXX.LT. 100.AND.IXX.GE. 10.AND.lYY .GE.100.AND.IYY.LT. 1000)OTO 12
IF (IXX.LT.J0.AND.IYY.LT.10) GO TO 1300
IF (lXX.LT.10.AND.lYY.GE. I.AND.IYYLT.100) GO TO 1400
IF (IXX.LT.10.AND.IYY.GE.I00.AND.IYY.LT.1000) GO TO 1500
IF (IXX.LT. 10.AND.IYY.GE. 1000) GO TO 1600
IF (IXX.GE.10.AND.1XX.LT.100.AND.IYY.LT.10) GO TO 1700
IF (1XX.LT. 1000.AND.IXX.GE. 100.AND.YY.GE.1000) GO TO 500
IF (IXX.GE. 1000.ANDJYY.LT. 10OOANDIYY.GE. 100) GO TO 600
IF (IXX .GE. 1000 .AND. IYY .GE. 1000) GO TO 700
IF([XX.GE. 100.AND.IXX.LT.A10.AND.IYY.LT.100.AND.IYY.GE.10)GOTO 10
IF (IXX.GE.100.AND.lYY.LT. 100.AND.YY.GE. 10) GO TO 1100
IF (IXX.GE.100.AND.IXX.LT.1000.AND.IYY.LT.10) GO TO 180
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IF (IXX.GE. 1000.AND.IYY.LT. 10) GO TO 1900
IF(IXX.LT. 100O.AND.IXX.GE. 1O0.AND.IYY±LT. 1O0.AND.IYY.GE. 100)

I GOTO 20
800 CALL IBCL R (AXIS)

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRI (YAXISG$,2)
GO TO 300

C X AXIS MOVEMENT
900 CALL IBCLR(XAXIS)

CAT IT TfWPTIYAYTZ YIVT

CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY2$,7)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
12 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X3$,5)
CAT IB TWDRTflrAVT4Z Vt '

CALL IBWRT(XAXIS,G$,2)
C Y AXIS MOVEMENT

CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y1$,6)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1300 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX4$,4)
CALL IBWRT(XAXIS,S$,2)
t( AI I TfalfllflrrnYA .rw Q 3\dl11fs.l 1~L I~ll 'FT A Y Ko I npL

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY4$,4)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
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1400 CALL IBCLR(XAXIS)
CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXISS$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TMO)
CALL IBCLR(YAXIS)
CALL lBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXISG$,2)
GO TO 300

C X AXIS MOVEMENT
1500 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRTQ(AXIS,S$,2)
CALL iBWRT XAXiS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
rA 7 1 Tlfl lTbl' A'fY A ' Y I1$ oi 3

CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300
'UF Am'UW l~mnlr ni-lr'T~rrA X AiJa LViiJV-MEJDIN .1

1600 CALL IBCLR(XAXIS)
CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
r'AT I Tlflh7fllYv A VTI flt '5'iC-'LALLJ VBWT AXI% I,

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
PAT T TfWDTRo(VAYTV Ve 71

.,ft. * ,, .9.\&t {.,f., . ~U, )
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C V AYIS4 MrfVflAFNTT

1700 CALL IBCLR(XAXIS)
CALL IBWRT(XAXIS,X3S,5)
CALL IBWRT(XAXIS,S$,2)
rAT IL TlWPr(YAYKtr Srfl

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CAT 1 IRWRT(AXISWV4t 41

CALL lBWRTCYAXlS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
500 CALL IBCLRQCAXIS)

CALL IBWRT(XAXISXI$,6)
CALL 1BWRT(XAXIS,S$,2)
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CALL IBWRT(XAXIS,G$,2)
C Y AXIS MOVEMENT

CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
rAT I IRWRT(VAYTZ V7t 7)

CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
600 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y1$,6)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
700 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
£9N A V 7 Vflh 7fl~f7 A UTfl Id'f '%ixC/ALL lfWKlkRftlAt),U,L)
GO TO 300

C X AXIS MOVEMENT
10 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,Xl$,6)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1100 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
C' A T 7 Tfnxtflrflr A %7Ufl c,- It\
CtL -ILD vw I tIAI -.,hZ)

CALL IBWRT(XAXIS,G$,2)
C Y AXIS MOVEMENT

CALL IBWAIT (XAXIS, TIMO)

47



WELCH, LIGHT, TRUSTY, AND COSDEN

CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1800 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X1$,6)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IUWAIA (AAXIS, TiMu)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
C' ATII TrMflhrtf'T'tt A 'VIC' Jrd- -%k
L4ALl@ 10 WI A i k I AXI U~DJ

G0 TO 300
C X AXIS MOVEMENT
1900 CALL IBCLR(XAXIS)

CAT ITTDllDrTFVA'VI VWM T
%..fl]L.L. 11.) '1 l~lk \1Xlt^~J,LX~44P~, /
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
rATI TIRWA}TrflAYIV, rlkn)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY4$,4)
CALL IBWRT(YAXISU$,2)
(AT I TRWPT(YAYI' ryt 9I

GO TO 300
C X AXIS MOVEMENT
20 CALL IBCLR(XAXIS)

CAT!.1 TRWRTQCAXISX$ ,6)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y1$,6)
CALL IBWRT(YAXIS,US,2)
CALL IBWRT(YAXIS&GS2I

300 CONTINUE
11 FORMAT (A)
16 FORMAT (14)
17 FORMAT 13)

18 FORMAT (12)

19 FORMAT (Ii)
70 FORMAT (A9)
80 FORMAT (19)
2000 FORMAT (2A9)

RETURN
END
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C --------------

SUBROUTINE POWER (ADC, ITYPE, POUT)
INTEGER*2 PIN, ADC, ITYPE, LASER
INTEGER NUM
REAL RATIO, SCALE, ND
REAL BEAM, PRF, PL, SENSAR, AREA, POUT
CHARACTER*2 BAD
CHARACTER*10 FILNM
LOGICAL EX, OP
CALL IBCLR (ADC)
CALL IBWRT (ADC, 'H8AJ', 4)
CATLT fnlf (ATh'C RAfl 7I

CALL CONVERT (BAD, PIN)
WRITE (*, *) PIN

C WRITE (A, 5)
C READ (*, 6) SCALE

SCALE = 1.0
C WRITE (*, 7)
C READ (*, 8) ND

ND= 1

23 CONTINUE
C WRITE (A, 10)
C READ (*, *) LASER

LASER = 1
OPEN (9, FILE ='LASERS.DAT', STATUS ='OLD')

DO 21 I=1, 5
READ (9, *) NUM, BEAM, PRF, PL, RATIO
IF (I.EQ.5.AND.NUM.NE.LASER) GO TO 23
Ti InXT En T A CVD\ nnl Tn r)
11' ki'l ILYL.v*/V A

21 CONTINUE
C WHAT IS SENSOR AREA?
22 CLOSE (9)

IF (ITYPE.EQ.1) SENSAR= 1.0
IF (ITYPE.EQ.2) SENSAR= 1.0
IF (ITYPE.EQ.3) SENSAR= 1.0
IF (ITYPE.EQ.4) SENSAR= 1.0
IF (ITYPE.EQ.5) SENSAR= 1.0

C COMPUTE FACTORS
PIN= PIN + 1024
SCALE= SCALE / 1024
ND= 10 ** (-ND)
PRF= 1 / PRF
PL= 1/ PL
AREA= (SENSAR / BEAM)
POUT= PIN * SCALE * ND * PRF * PL * RATIO * AREA
th1n-rr '4. *\ ~rfTT~rwztu Ir. cj, -) rjuuI

C FORMAT (' POWER METER FULL SCALE VALUE:')
C FORMAT (F5.2)
C FORMAT (' NEUTRAL DENSITY VALUE:')
C FORMAT (F5.2)
C FORMAT (' SELECT LASER: (1)AR, (2)HN, (3)DF, (4)EX, (5)YAG')
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RETURN
END

C
SUBROUTINE CONVERT (BADIOUT

C THIS ROUTINE CONVERTS THE ADC READING TO AN INTEGER
C ROUTINE IS CALLED UP BY SUBROUTINE POWER

CHARACTER*2 BAD
CHARACTER*i BADABADB
INTEGER*2 IAIB,ICJID,IE,IGF,IOUT
BADA=BAD(: I)
BADB=BAD(2:)
IA=ICHAR(BADA)
IB=ICHAR(BADB)
IF (IA .LT. 4) GO TO 200

100 IC = 255 -IA
ID = IC&256
IE = 256 - IB
IGF = ID + IE
IOUT = -1 * IGF
GO TO 3uu

200 IC = IA * 256
IOUT = IC + IB

300 RETURN
END
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